Background: Whether a systemic adjuvant treatment is needed is an area of controversy in patients with nodenegative early breast cancer with tumor size of ≤1 cm, including T1mic.
Background
Owing to the increased use of screening mammography, the proportion of early stage breast cancer is increasing internationally [1] [2] [3] . In Korea, an increase in the percentage of stage 0 and I types of breast cancer has also been reported. The proportion of stage 0 breast cancer was 7.5% in 2002 and increased to 11.3% in 2003. For stage I breast cancer, the proportion of patients increased from 29.5% to 36.5% over the same period [4, 5] .
Generally, it has been reported that the prognosis of small-sized, node-negative breast cancer is excellent with complete surgical resection of the primary tumor, even without systemic adjuvant therapy [6] . For patients with microinvasive breast cancer, which is defined as tumor foci of 0.1 cm or less, a very small percentage of women relapse or die of breast cancer [7] . According to an analysis of the Surveillance Epidemiology and End Results (SEER) data from 1998 to 2001, the ten-year overall breast cancer specific mortality of patients with T1a, bN0M0 disease was 4% [8] .
Nevertheless, certain subgroups of patients who were initially diagnosed with small, node-negative breast cancer tumors have a risk of recurrence. Some authors have reported that young patients under 35 years old had poor prognosis [9] . The biological factors of a high grade of tumor [8, 10, 11] and high Ki-67 [12] were associated with a high relapse or high mortality rate.
There have been few clinical studies with large numbers of patients over a long duration of observation sufficient for the evaluation of the prognosis of node-negative breast cancer of 1cm or less in size. In addition, few studies have evaluated the long-term prognosis according to the hormone receptor and human epidermal growth factor receptor 2 (HER2) statuses because many patients were not examined for estrogen receptor (ER), progesterone receptor (PR), or HER2 status before these tests became widely available. Therefore, some controversy remains regarding treatment decisions for these patients.
The features of breast cancer vary among Asian countries, but there is a common tendency of younger ageonset and a large proportion of premenopausal women [5, 13] . Some studies have reported higher rates of hormone receptor negative or high-grade breast tumor in Asian populations [14] . However, the ethnic differences associated with recurrence or mortality remain unclear, especially in node-negative early breast cancer of 1cm or less.
The aim of this study was to evaluate the overall prognosis of lymph node negative invasive ductal carcinoma of the breast of ≤ 1 cm in size, including microinvasive carcinoma (T1mic) in a Korean population. Moreover, through identification of subgroups of patients with a high risk of recurrence and their characteristics, we set out to determine which subgroup of patients would be candidates for systemic adjuvant therapies.
Methods

Study population
We identified the study population from a prospectively maintained hospital-based cancer registry and collected information from all consecutive women diagnosed as invasive breast carcinoma at Seoul National University Hospital and Seoul National University Bundang Hospital from January 2000 to December 2006. Eligibility criteria included complete surgical resection, histologic diagnosis of invasive ductal carcinoma of 1 cm or less (T1a, T1b), or microinvasive carcinoma (T1mic) and no lymph node metastasis (N0) according to the fifth and sixth editions of the American Joint Committee on Cancer (AJCC) Cancer Staging Manual [15] . Both the fifth and sixth editions were used because T staging did not differ between the two staging systems. Patients with a history of previous malignancy of the breast or other sites and who received neoadjuvant chemotherapy were excluded.
Clinical and biological data acquisition
Data on patient's baseline characteristics and symptoms, mammography results, type of operation and axillary lymph node examinations were collected. The type of operation was divided into mastectomy and breastconserving surgery, and breast-conserving surgery included lumpectomy, quadrantectomy and excision of the primary tumor. Methods of axillary lymph node examination were classified into sentinel lymph node biopsies and axillary lymph node dissections.
Pathologic information was obtained by reviewing pathology reports on the following variables: tumor size, histologic subtype, modified Bloom-Richardson histologic grade (tubule formation, nuclear pleomorphism, mitotic counts), extent of intraductal carcinoma, lymphatic invasion, venous invasion and tumor border. Immunohistochemical data for standard prognostic biomarkers (ER, PR, HER-2, p53 and Ki-67) were also collected. Immunohistochemical staining was determined from microinvasive foci in cases of T1mic disease. For ER and PR, cases with 10% or more positive staining were grouped as positive. For HER-2, 3+ staining by immunohistochemistry was considered positive. For Ki-67 status, we grouped the cases with 10% or more positive staining as a positive [16] . A 10% cutoff value was also used for p53 expression. Information about treatment undertaken as an adjuvant therapy was also retrieved.
Recurrence free survival (RFS) was calculated as the time from operation to diagnosis of a recurrent disease in the ipsilateral breast, local, regional or distant site. For patients who remained alive and recurrence-free, data were censored at the date of the last follow up. The information of recurrent disease included time of diagnosis, sites of disease (local, regional, systemic), and histologic features of recurrent tumor (ductal carcinoma in situ or invasive ductal carcinoma). Diagnosis of contra-lateral breast cancer was not included in the category of recurrent disease. Overall survival was measured as the time from operation to death.
Statistical analysis
Pearson's chi-square test was used to assess differences in clinical and biological characteristics between T stage subgroups. The RFS curves were constructed using the Kaplan-Meier method, and the log-rank test was used for a comparison of the survival curves between subgroups according to prognostic factors. We also compared the five-year cumulative survival rate and investigated the association between the probability of death or recurrence and the clinical and biologic features. Multivariate analysis was conducted using Cox's proportional hazard regression model, and our data was shown to satisfy the proportional hazard assumption. A significance level of 0.05 was used for covariate entry.
All statistical analyses were performed using SPSS for Windows software, version 15.0 (SPSS Inc., Chicago, IL). The study was approved by an independent review board at the Seoul National University Bundang Hospital and Seoul National University Hospital.
Results
Clinical and histologic characteristics
From January 2000 to December 2006, we identified a total of 3889 women with invasive breast cancer who were diagnosed at the Seoul National University Hospital and Seoul National University Bundang Hospital using the hospital cancer registry. Among these, we excluded 2907 patients (74.7%) with more advanced stage cancer than T1bN0, 76 patients (1.9%) who received neoadjuvant chemotherapy, and 81 patients (2.1%) with recurrent breast cancer. Rest of the patients (n = 450, 11.6%) received diagnosis but did not undergo operation in our hospital therefore were excluded from the study. A total of 375 (9.6%) women were eligible, and 120 patients were classified as T1mic, 93 as T1a, and 162 as T1b. Median age was 49 years (range, 24 to 77 years), and 23 patients (6.1%) were under 35. The majority of the study population (182 patients, 48.5%) was asymptomatic at the time of diagnosis, and these patients were diagnosed by screening mammography. Isolated microcalcification was the most common mammographic finding (149 patients, 40.9%). Pathologic information including hormone receptor and HER2 status was available in 99% of patients. Twenty six percent of patients had HER2 positive tumors, defined by 3+ staining on immunohistochemistry; 67.3% had hormone receptor positive disease; and 15.1% had triple negative disease. Table 1 shows the baseline characteristics of the three T stage sub-groups. The age distribution between each patient T stage group was similar. In the microinvasive (T1mic) group, there were significantly higher percentages of negative ER and negative PR disease compared to the T1a and T1b groups (57.6% vs. 34.4%, 22.2% for ER, 68.6% vs. 48.4%, 37.7% for PR; p < 0.0001). T1mic tumor also had a higher proportion of HER2 positivity (p < 0.0001); 54 patients (45.8%) in the T1mic group, 21 (22.8%) in T1a, and 21 (13.0%) in T1b. The frequency of positive immunohistochemical staining for p53 was also highest in the T1mic group (p = 0.080 by chi-square, p = 0.037 by Linear-by-Linear association). Ki-67 did not show significant differences between each patient group. Among the 255 patients with T1a or T1b tumor, data of associated DCIS was available in 248 patients. One-hundred and ninety-eight (79.8%) had associated DCIS around the invasive portion, 79 (88.8%) in T1a and 119 (73.6%) in T1b. Loco-regional and adjuvant treatment 178 patients (47.5%) received a mastectomy, and breastconserving surgery was performed in 197 women (52.5%). For axillary lymph node examinations, more patients (255 patients, 68%) received axillary lymph node dissection than sentinel lymph node biopsies. Among patients who received breast-conserving surgery, 135 patients (68.5%) were treated with adjuvant radiotherapy after surgical resection. The proportion of patients receiving adjuvant whole breast radiotherapy was different in each T stage group: 30 (56.6%) in T1mic, 30 (63.8%) in T1a, and 75 (77.3%) in T1b (p = 0.007).
278 patients (74.1%) received systemic adjuvant therapy. Among patients with hormone-receptor positive disease, 232 (92.4%) received adjuvant endocrine therapy. No differences were observed in the percentage of patients undergoing endocrine therapy between T stage subgroups. Adjuvant chemotherapy was given to 61 (16.3%) patients. Forty-two patients, 34.4% of the patients with ER and PR negative disease, received adjuvant chemotherapy. An anthracycline-based regimen was given to thirty-three patients (54.1% of these 61 patients), and 25 patients were treated with combination 
Recurrence and prognosis
Median follow up duration for all patients was 60.8 months while median RFS duration was not reached as of the time of this writing. The five-year cumulative RFS rate was 97.2%, and recurrent disease was diagnosed in 12 patients during this follow up period. There was no difference in five-year RFS between T1mic, T1a and T1b patients (97.4% for T1mic, 97.8% for T1a, and 96.9% for T1b, p = 0.681) ( Table 2 ). The rate of local or regional recurrence did not show a statistically significant difference between patients who received or not received adjuvant radiotherapy among the patients who received breast conserving surgery (p = 0.871). On the univariate analysis, age younger than 35 years and hormone receptor negative disease were risk factors of recurrence. The five-year cumulative RFS rate was 90.9% vs. 97.7% in patients ≤35 and >35 years of age (p = 0.002, Figure 1 A) . Each of ER and PR status did not show a significant association with recurrence, but negative status of both ER and PR tend to be associated with shorter RFS (p = 0.069). Patients with both ER and PR negative disease showed a five-year cumulative RFS rate of 94.9%; hormone receptor-positive patients showed a rate of 98.4%. Patients with triple negative disease had a significantly lower RFS rate compared to hormone receptor-positive and/or HER2-positive patients (p = 0.018, Figure 1 B ). HER2 status alone, Ki-67 and p53 status were not prognostic factors of RFS. Whether adjuvant chemotherapy was given was not associated with the development of systemic recurrence (p= 0.422).
Cox proportional hazard regression model was constructed using the variables of age, triple negativity, p53 and Ki-67. The independent prognostic factors of recurrence were triple negativity (HR 4.93; 95% CI 1.312-18.519, p = 0.018), and age younger than 35 years (HR 4.91; 95% CI 1.014-23.763, p = 0.048) ( Table 3 ).
In the analysis of distant disease-free survival, age younger than 35 (p = 0.029) and negative hormone receptor status (p = 0.011) were the convincing poor prognostic factors. Univariate analysis on HER2, Ki67, p53 status and multivariate analysis could not be performed due to the small number of distant metastasis events.
There were twelve patients who experienced recurrence of disease, and their median RFS time was 29.5 months (range 6.1-121.2 months, Table 4 ). Four patients were diagnosed as T1micN0M0 initially, two patients were T1a, and six were T1b. Three patients were less than 35 years old. Three of 12 patients developed systemic recurrence. All three patients had ER/PR negative disease and developed lung metastases. One patient died during the follow up period. This patient, initially diagnosed with T1bN0M0 breast cancer with ER-PR-and positive HER2, received quadrantectomy with radiation therapy and adjuvant chemotherapy. At 29.5 months after surgical resection, she developed multiple metastases in the lung, skin, and chest wall. She died from breast cancer progression at 40.6 months after surgery.
Discussion
The results of this study confirmed an excellent shortterm prognosis of lymph-node-negative invasive ductal carcinoma of the breast of 1 cm or less in a Korean population. Among 375 patients, only one patient died of breast cancer and only twelve cases of recurrence were reported. The overall five-year cumulative RFS rate was 97%. Univariate and multivariate analyses revealed that triple negative status and age younger than 35 years were significantly associated with shorter RFS.
There are a number of studies that focus on the prognosis and predictors of recurrence of node-negative early breast cancer. Though many reviews were retrospective and had small populations, high tumor grade was the most consistent factor associated with poor outcome in these studies [6, [17] [18] [19] . Chia et al. surveyed 430, a relatively large number of patients with T1a,b breast cancer. They noted that patients with grade 3 tumor had shorter 10-year RFS compared to grade 1, 2 patients (with 74% vs. 82%, p = 0.007) [10] . Age, tumor size, lymphovascular invasion and estrogen receptor negativity were also commonly found to be poor prognostic factors [20] [21] [22] [23] . In another report, Ki-67 and p53 were considered as significant prognostic factors of survival [24] . More recently, reports have shown that HER2-positive disease is a risk factor of recurrence in node-negative tumors 1cm or smaller [25] . However, most studies on the prognosis of node-negative early breast cancer were performed in Western countries. In contrast, few studies exist regarding the biology and prognosis of Asian breast cancer patients.
In the present study, triple negative status and age younger than 35 were the only independent prognostic factors of recurrence. Other studies have reported similar results in which younger patients showed poorer prognosis than older patients. These authors suggested that poor prognosis observed in young patients under the age of 35 was related to adverse characteristics of their disease, such as a high proportion of node-positive disease, a high proportion of negative estrogen hormone receptor, and a high proliferation index. However, age younger than 35 years remained an independent poor prognostic factor in the multivariate analysis. However, an analysis of the prognosis of a specific subgroup with tumor sizes of 1 cm or less was not performed in this study [9] . In our patients, there were no differences in pathologic characteristics of hormone receptor status or HER2 status according to age group (Table 5 ). Our data suggest that age younger than 35 is an independent risk factor for recurrence, even in patients with nodenegative breast cancer 1 cm or less in size. Therefore, young age less than 35 should be regarded as a poor prognostic factor when adjuvant therapy is considered. This is important, especially for Asian patients, because the proportion of young women in Asian countries is higher than in Western countries [5, 26] .
The grade of HER2 overexpression which was a poor prognostic factor in other studies [24, 25, 27, 28] did not have an effect on RFS in our study. This discrepancy can be attributed to the fact that HER2 fluorescence in situ hybridization (FISH) was not performed in most of the patients. There is a possibility that HER2 FISH positive disease was classified as HER2 negative based on immunohistochemical staining only. A literature show that quite a few patients with moderate expression (+2) of HER2 in immunohistochemistry had HER2 gene amplification at FISH [29] . Another explanation for the lack of an association between HER2 status and recurrence may be the inclusion of T1mic disease in the analysis. Patients with T1mic disease have a higher proportion of HER2 positive disease but a very low potential of systemic metastasis or recurrence. In our series, endocrine unresponsiveness and positive HER2 immunohistochemical staining (+3) were more common in T1mic tumor than T1a or T1b disease. The reason for high HER2 positive rate in T1mic tumor is not clearly understood, but other literatures also report the similar findings [12, 30] . More than half of all patients received breastconserving surgery in our study, but 31.5% of these patients, mainly T1mic or T1a, did not receive postoperative radiotherapy because the tumor size was extremely small. The local recurrence rate of this group was 3.2% (2 in 62 patients), which was not high compared to the patients who received adjuvant radiotherapy (2.9%, 4 in 135 patients). This may have resulted from the very low incidence of recurrence itself; hence, a longer duration of follow up and a larger number of patients are necessary before definitive conclusions can be made regarding the role of post-operative radiotherapy in very small breast cancer.
Our study has several limitations. First, recurrence of early breast cancer is known to be discovered not only during the first decade of follow up, but also during the second decade or even later. Therefore, our duration of follow up was not sufficient for an evaluation of breast cancer prognosis regarding the overall survival and long-term recurrence rate, especially in endocrineresponsive disease. However, an analysis of the shortterm recurrence rate and risk factors would be valuable for the identification of specific patient groups who require systemic adjuvant chemotherapy after surgery. Second, other important pathological information, such as mitotic activity [31, 32] and vascular invasion [33] were not included in this analysis. Third, many patients received systemic adjuvant therapy according to their hormone receptor status and other clinical factors. Therefore, we cannot conclude whether the pattern of recurrence reflects the natural history of specific subgroups or a response to the adjuvant therapies given. In fact, 92.4% of hormone receptor positive patients received endocrine therapy while 34.5% of hormone receptor negative patients were treated with adjuvant chemotherapy. It is within the realm of possibility that good prognosis of a patients group with positive ER or PR status was caused by the efficacy of the adjuvant hormonal therapy. In addition, ER and PR positivity was defined as 10% or more staining unlike definitions used in recent studies focusing on breast cancer subtypes, which classified tumors as hormone-receptor positive if 1% or more of tumor nuclei were stained [34] . However, we regarded the tumor with 10% or more positive staining as hormone receptor-positive disease, because the pathology report of our patients, especially who were diagnosed in the early 2000s, used the previous classification standard. There may be a possibility that tumors with positive staining of ER and or PR between 1-9% may have been classified as HR negative.
Finally, a definite conclusion pertaining to the subgroup of patients who required systemic adjuvant treatment could not be determined because a multivariate analysis could not be performed for predictors of systemic recurrence due to the low number of events.
Conclusion
We confirmed that patients with a tumor size of 1cm or less of node-negative invasive ductal carcinoma of the breast have excellent short term prognosis. Studies with a larger sample size and a longer follow up duration are needed for confirmation of this result, but patients younger than 35 years of age and triple negative disease were identified to be the highest risk group of recurrence.
